emancipate populations and improve their well-being through methods of reflection upon their own 11 situations, knowledge and capabilities, and use these to take meaningful action (Chambers, 2008; 12 Fals-Borda & Rahman, 1991). The PAR approach views the practical WaSH problems of the studied 13 communities as the starting point of investigation, and assumes that potential solutions reside in 14 local wisdom (Ozanne & Saatcioglu, 2008) . 15 As our research sites, we selected two informal settlements in each country. Each settlement 16 had a community-identified desire to improve the WaSH situation. The characteristics of each 17 informal settlement are detailed in Table 1 . 18 
19

22
We initially engaged the settlements by approaching community leaders, in line with 23 community engagement protocols in the region. We emphasised that the PAR principles of the 24 project required an inclusive sample of participants from the settlement, particularly with regard 25 gender, ethnicity, religion and household income, but equally that those same principles encouraged 26 participation by 'any interested' community member. These leaders then met with other community 1 representatives through formal as well as informal networks (e.g., council meetings, church services, 2 going door-to-door) to stimulate interest in the project. Through word of mouth, those 3 representatives in turn recruited interested participants to an initial rapport-building session (see 4 Supplementary Information 1). In this session, which featured both local and foreign researchers, we 5 outlined the project objectives, explained the data collection methods, and invited the attendees to 6 participate over three years. We investigated existing WaSH exchanges in the six communities 7 during Phases 1 and 2 of the project (see Supplementary Information for all relevant research 8 activity guides) and queried participants as to why they choose to use various exchanges to fulfil 9 their WaSH needs. 10 11
Data collection 12
We compiled diverse forms of data that collectively served as a robust record of WaSH-related Aside from the field notes, our data represent a researcher-participant joint production where both 19 parties were actively engaged with each other in a dynamic research process (Peñaloza & Cayla, 20 2007 ). This collaborative data compiling also held emancipatory potential for our research 21 participants. 22
Research activities 1
The community leaders and other representatives recruited participants to take part in an initial 2 workshop (Supplementary Information 2), using the same method as for the rapport-building 3 session. After introducing the research team, we asked participants to arrange themselves into small 4 groups of mixed gender (usually three to four groups of two to seven individuals). These groups 5 guided researchers on transect walks during which they explained the current WaSH situation and its 6 impacts on community health, illustrating with stories of past significant events. During the walk, 7
other community members sometimes joined the groups to offer their own insights. On returning to 8 the workshop venue, each group was asked to map the areas they had visited on large sheets of 9 paper and list their group's WaSH issues and priorities. Each group then presented its map, issues 10 and priorities to the larger group. 11
We then invited the workshop participants to also take part in gendered focus groups 12 to Fiji, we determined that a referral strategy would not be successful. Instead, we selected 25 households from an aerial photograph of the communities, basing the sample in part on how many 1 interviews could be reasonably conducted by the local researchers in a two-day period. 2
In each household, we used an open-ended interview to ask participants about their background 3 (Turner, 2010 ). Later we moved on to the participants' overall WaSH situation and asked them to 4 select a WaSH device (e.g. tap, shower, toilet, pipe, washing machine) that they considered 5 important to them. We then asked them to draw the device's material, economic and social inputs 6 and outputs and link these inputs and outputs to further inputs and outputs, until their WaSH 7 system was accurately represented. This activity produced a mapping of the diverse exchanges that 8 were taking place in relation to their chosen WaSH device, linking their household to other people 9 and materials in the local system (citation to authors' other work removed to preserve anonymity). 10 11
Data analysis 12
The data were input to NVivo v10 (QSR International) and coded deductively using the four 13 archetypes of WaSH exchanges. The researchers then reviewed the coded text and images to 14 understand how these WaSH exchanges work and to infer motivational themes for engaging in 15 them. Examples in the data were coded as to which theme(s) were the most relevant motivators to 16 engage in each WaSH exchange. 17 18
Research approvals 19
This text has been removed to protect the authors' anonymity. 20 
Results
1
Approximately 20 participants took part in each initial workshop (except Fiji 1, where 2 attendance was low) and the focus group discussions (except Vanuatu 1, where attendance was 3 high) ( Table 2 ). The number of participants in initial workshops likely under-represents the number 4 of people involved, as other community members were consulted during transect walks. The 5 number of households that participated in systems mapping was limited by the geographic 6 boundaries of the settlement (Fiji) and the number of households that could be interviewed in a 7 two-day period (Solomon Islands and Vanuatu). 
13
Study participants identified diverse exchange mechanisms to acquire WaSH products and 14 services (Table 3 , classified by archetype). Some of these exchanges are combinations of different 15 types -for example, collecting toilet parts from the rubbish dump has characteristics of both a non-16 market-based and a culturally determined exchange. Interestingly, the preference for which types of 17 exchange to engage in to acquire a product, such as drinking water, often varied between 18 households within the same settlement. 19 20 Table 3 : WaSH exchanges observed in study communities. 21 
22
We describe here four examples of WaSH needs being met by an individual, household or 23 community group with the reasons given for their choice of exchange (names changed to preserve 24 anonymity): 25 13 1. A church group from Solomon Islands 2 is building a new guest house and has decided to 1 install a septic tank to improve convenience and health for visitors. John is a member of the 2 church and uses his masonry skills to generate income. He offers to build the tank at a lower 3 fee than that charged by private companies in the area. His knowledge of the local market 4 prices and his competitive instinct to price his services at a discount ensure that the income 5 he receives from the exchange is based on real market prices, making it a market-based 6 exchange. However, several parameters of the discounting, such as its timing, negotiability, 7
and perceived authenticity, as well as his anticipated prospect of enhanced social standing 8 within the church group, are all shaped by the community's norms and traditions. Therefore, 9
these aspects make the exchange as much culturally determined as market-based ( Figure 2 Paul sells water from his connection to other members of the community at a profit. Paul 16 knows that some households in the community cannot afford a connection and has 17 identified these households as a business opportunity as well as a way to contribute to his 18 family's and the community's well-being. Because he enters into a bilateral agreement with 19 willing buyers on the basis of prevailing prices set by the private utility, the exchange takes 20 on a market-based character (even if he were to not make a profit from it). But equally, since 21 several other parameters of this arrangement are derived from community norms (e.g., the 22 penalties for non-payment, agreed timings of water withdrawal), the arrangement also has 23 features of culturally determined exchange (Figure 3 her with 38L of free water each week (a culturally determined/non-market-based exchange) 19 that her family uses for drinking. Susan does not receive enough water for all of her needs, 20 so she also has a connection to the water utility that she pays on a quarterly basis. The utility 21 is private (market-based exchange) but also regulated (command-based exchange). Susan 22 uses this water for non-drinking purposes such as cooking because she believes that water 23 quality for cooking is important for health. However, Susan believes that water quality is not 24 as important for washing and bathing as it is for cooking, so chooses not to spend money on 25 utility water for those uses. Instead, for washing and bathing, Susan's family collects 26 rainwater in a tank that members of her household built with assistance from the 1 neighbours (culturally determined exchange) ( Figure 5 ). 
6
Using the PAR approach for this study allowed us to probe these participants to explain their 7 motivations for engaging in exchanges. These motivations were distilled into four main themes: 8 social custom, empathetic economics, financial management and product or service quality (Table 4,  9 for the examples given in Figures 2-5) . 10 11 
Discussion
14
Despite suggestions that market-based exchange for WaSH improvement may not be 15 applicable within Melanesian culture, we find that this type of exchange occurs in the informal 16 settlements of all three countries studied (Table 3) , albeit often combined with other modes of 17 exchange (Table 3 and 
Empathetic economics 2
Economic activities like on-selling water or selling WaSH products (e.g., water, soap) in small 3 community shops often derived from an underlying motivation of empathy. Many cases reflected an 4 aspect of being good to one's neighbours by providing WaSH infrastructure and services that would 5
improve their health, particularly demonstrated in this quote from Paul, whose example we 6 discussed earlier: 7 "I thought $10 that these 10 families pay each month will pay off my water bills. I want to 8 improve my own family's well-being and also help the other family which is why I suggested 9 $10 so that it will be fair for everyone." (Paul, Fiji 2) 10
This mixture of market-based exchange with an understanding and concern for the well-being of 11 others is consistent with emerging research findings that in subsistence settings of commerce, local 12 market actors explicitly acknowledge and navigate a marketplace that is indistinguishable from the 13 social milieu . Subsistence market actors often demonstrate high 14 levels of awareness of the circumstances and needs of co-located others ( 
Product service or quality 1
Acquiring fit-for-purpose WaSH products and services is an important motivation for our 2 participants when engaging in exchanges. Household choices of water resources for different uses 3 are typically varied and context-specific (Madanat & Humplick, 1993) . The desire for good service or 4 high quality was associated with paying more for water for particular usage situations. In Susan's 5 example discussed earlier, she made choices between different water products based on the fit 6 between the water's quality and its intended use, and in a direction of improving quality for 7 situations that impact health more directly. Participants from all six settlements echoed this 8 practice, and identified that drinking 'cleaner' water, or using 'better' sanitation would improve 9
health. This means that although they may not choose the highest quality WaSH products and 10 services for every activity, they do make choices that they feel will optimise health outcomes. This 11 finding echoes prior research finding health to be an important driver of improving WaSH (Santos, 12 Roberts, Barreto, & Cairncross, 2011), and contradicts views of its minimalist role (e.g. Jenkins & 13 Curtis, 2005). 14 15
Financial management 16
The choice of exchange to obtain water may not always be dependent on price, as 17 consumers may choose a more expensive option if it enables them to access the resource in a way 18 they are more comfortable with (Cairncross & Kinnear, 1992 ). This strategy is common in 19 subsistence settings, where coping with uncertainty and risk becomes more prominent than rational 20 utility maximising (Townsend, 1995; . In the Pacific context, these 21 general subsistence uncertainties are compounded by intermittent shocks from larger 22 environmental occurrences like floods and cyclones (Schrecongost & Wong, 2015) . Over some 23 decades, the empirical generalization about subsistence living has been that it is a type of 24 uncertainty-reducing, security-seeking attitude and preference (Calvo, 2008; Morduch, 1994) . Our 25 findings are consistent with this thesis. For example, many households prefer to pay for water as 1 they use it rather than paying a lump sum at the end of the month. However, where water on-sellers 2 (e.g., Paul from the earlier example) make a profit from selling the water, the overall cost of the 3 water to the consumer is sometimes actually more than purchasing from the utility directly. 4
Consumers realise that they cannot live without water and adopt a strategy that allows 5 them to access the resource in a way that is congruent with how they prefer to manage household 6 finances whilst optimising health. Consumers' focus is on avoiding immediate disaster, such as not 7
having enough water to drink each day, and improving long-term financial security does not seem to 8 be as great a concern. For example, some consumers understand that they could save money by 9 paying for water monthly, but also may lose access to water altogether if they cannot pay the bill, 10 and so choose a more frequent although more expensive scheme, which may include purchasing 11
water from a neighbour. 12 by engaging in culturally determined exchanges rather than purely monetary exchanges. Therefore, 6
research investigating the effectiveness of combined WaSH exchanges must holistically investigate 7 the impacts of different types of exchanges on physical, social and mental well-being. 8 9
Limitations 10
Consistent with PAR, we used a participatory approach for recruiting participants for the 11 rapport-building session, initial workshop and focus group discussions. However, as a result our 12 sample representation was largely determined by how community leaders and representatives 13 engaged in recruitment. In Fiji, we struggled to engage community members of Indo-Fijian ethnicity 14 (Table 1 ). In Solomon Islands 1, we noted geographical limitations, as most participants were from a 15 particular zone, and in Solomon Islands 2 most participants were part of a single Christian 16 denomination (Table 1) . This homogeneity may have occurred because the community leaders 17 focused on recruiting participants within their own church group, which was likely because of 18 already existing strong relationships. When conducting the household systems mapping exercise, by 19 approaching households ourselves we were able to achieve greater representation of the 20 communities, including many participants who had not been involved in the initial workshop and 21 focus group discussions. The resulting diversity gave us further insight into the various WaSH 22 exchanges occurring across religious groups, ethnicities and income levels in the six settlements. Potential exists for the success of WaSH programs targeted at urban and peri-urban informal 7 settlements to improve health when the programs embrace multiple forms of exchange. 8
Furthermore, by investigating the reasons communities give for engaging in these different 9 exchanges, WaSH programs may be better able to foster exchanges that contribute to community 10 aspirations and physical, social and mental health needs. 11 12 
